After 12 months, the RTW rate was obtained from the physicians responsible for sick-listing by postal survey. The response rate regarding RTW was 91% at 1 year. The RTW rate at 1 year was 20%. All investigated tests significantly correlated with non-RTW. Regression analysis showed that the best prediction of non-RTW was obtained when at least two out of the four tests were positive (positive predictive value 0.97, sensitivity 0.45). Unemployment, time off work, nationality and physical work load were less predictive. The results show that the combination of the four prognostic tests allows a very reliable prognosis of non-RTW. The cost effectiveness of rehabilitation aiming at RTW will, therefore, be increased by excluding patients with two or more positive tests.
work have the right to receive help from the Swiss Disability Insurance Corporation. All possible vocational measures are considered before a disability pension is granted. Vocational measures are usually coordinated by a social worker and may consist of advisory consultations, adaptive training, workplace visits and assistance in finding a job adapted to the functional capacity of the patient.
Illness behaviour CLBP disability is mostly attributed to non-specific low back pain (NSLBP) [6, 33] , occurring without identifiable specific anatomical or neurophysiological causative factors. Known causes for specific back pain are vertebral fracture, tumour, infection, inflammatory diseases, nerve root compression, spondylolisthesis, spinal stenosis and definite instability [6] . Evidence suggests that fewer than 15% of individuals with back pain can be assigned to one of these specific back pain categories [25] . The patient with NSLBP cannot be viewed as suffering solely from a nociceptive stimulation, but rather as having a problem involving biological, psychological and social aspects, all of which must be analysed from the perspective of a biopsychosocial model [6, 32] .
Increased behavioural responses during the clinical examination are often observed in patients with CLBP [33] . Pain drawings may show a spreading in the painful areas, and patients may report a very high pain intensity, even at rest. Many patients tend to catastrophise, they are afraid that activity might lead to further spinal damage. Fear avoidance behaviour is the consequence, causing a decrease in activity. Positive Behavioural Signs [34] should be understood as a response to examination affected by fear in the context of recovery from injury and the development of chronic incapacity [17] .
This study investigates the performance of the Step Test and the Pseudo Strength Test (see Methods; Fig. 1,  Fig. 2 ). The inability to perform these tests cannot be explained by musculoskeletal pathology and may be regarded as behavioural signs. The reduction of physical activity resulting from illness behaviour causes a reduction in physical capacity due to disuse.
Return to work: the primary goal of treatment
In terms of lost work days and the failure of modern medicine to diagnose the causative anatomical structure and to relieve the pain and disability in chronic pain patients, non-specific disability constitutes a continuing challenge. These problems have occasioned a change in the approach to treatment over the past few decades. Return to work (RTW), and not pain relief, has become the primary goal in the treatment of patients with CLBP [25] . To achieve this goal, an interdisciplinary evaluation and an intensive treatment, including work assessment, ergonomic intervention, postural information and strengthening exercises, is recommended [1, 25] . Research results are inconclusive as to the effectiveness of rehabilitation programmes to improve RTW in patients with CLBP [27] . RTW rates vary between 23 and 85% [19, 23] . Different selection procedures, unknown predictive factors for RTW and varying definitions of RTW may have influenced the results. For example, in a randomized clinical trial on 542 patients, Mitchell reported an impressive rate of 79% 'full return to previous work'. If, however, the average of more than 400 sick days during the 2-year follow-up period [20] is taken into account, the investigated patients appear to be considerably more disabled than the classification as 'full return to work' might imply. In our study, RTW is defined as an improvement in actual work activity, and patients on vocational measures were regarded as non-RTW.
Prediction of non-return to work
This study investigates factors predicting non-RTW. Positive Behavioural Signs [34] are a reliable predictor for non-RTW after an intensive rehabilitation programme [12, 35] . A pilot study has shown that the Step Test, the Pseudo Strength Test and the reported pain intensity at initial examination also have the potential of being predictive for non-RTW [22] . Known psychosocial predictors for non-RTW after conservative treatment in patients with CLBP are: time off work, low social status, poor job security and nationality [2, 10, 18, 28, 32] . The outcome of a somatic-orientated rehabilitation programme for patients from the former Yugoslavia was significantly poorer than for that of Swiss patients [28] . We find it important to offer non-discriminating, objective tests to select patients for rehabilitation, and will evaluate the influence of nationality by comparing patients from the region of former Yugoslavia with the other patients mainly coming from Switzerland and its neighbouring countries.
Purpose
The purpose of this study is to determine the predictive validity of a modified version of the Step Test, the Pseudo Strength Test and a pain intensity of 9 or 10 (Numeric Rating Scale) for non-RTW in patients with CLBP. The second aim is to determine whether the prediction of non-RTW can be improved by combining these tests with the Behavioural Signs. We also evaluated the predictive value of work load, nationality, time off work and employment status.
Materials and methods

Design
The investigated predictive tests were analysed in a longitudinal prospective cohort study. Assessment and treatment of the patients were not altered for this study. Informed consent was obtained from all patients. The study design was approved by the ethical committee of the clinic.
The patients were referred to the clinic by their treating physicians without pre-selection by an insurance company or the clinic. Patients generally had suffered a long history of LBP. In most of these 'end of the line' patients, a variety of diagnostic procedures and many treatments had been performed.
All patients fulfilling the following admission requirements were consecutively included in the study.
1. To enable RTW at follow-up, the age range was limited to 20-60 years. 2. Only patients willing to go back to full time work were included. Therefore, housewives and part-time employees were excluded.
And all included patients had:
3. Taken more than 6 weeks off work during the preceding 6 months because of CLBP 4. No comorbidity contributing to disability and sickness leave, and 5. Sufficient understanding of either German, Serbo-Croat, Spanish or Italian needed to fill out the questionnaires Follow-up questionnaires were sent to the patients and the treating physicians 12 months after treatment (Table 1) . Non-responders received a reminder and a phone call. The physicians were not informed about the results of the predictive tests.
Population, treatment and work status
The diagnosis was described according to the guidelines of the Quebec Task Force Report [25] (see Results and Table 4 ). According to the definition of Fordyce [6] , the following four diagnostic codes are regarded as representative of a specific diagnosis:
1. Pain with radiation to the lower limb in combination with neurological signs 2. Confirmed compression of a spinal nerve root 3. Spinal stenosis 4. Low back pain less than 6 months following surgery Work activity at the time of 1-year follow-up was recorded as a percentage of full-time activity. RTW was defined as an improvement in work activity. Patients were considered as non-RTW if their work activity was unimproved. Patients on vocational measures were regarded as non-RTW. Unemployed patients were also considered as non-RTW, because most patients lose their job as a consequence of LBP.
The physical work load was registered according to the classification of the US Department of Labour (max. load that has to be lifted at work: 1=0-5 kg, 2=5-10 kg, 3=10-25 kg, 4=25-45 kg, 5=>45 kg) [29] . Disability was measured with the Roland and Morris Disability Questionnaire [24] in order to describe the research population at entry and to investigate whether an improvement in disability correlates with an increased work activity.
Tests with an expected prognostic value for outcome
Pain intensity
Before the physical examination, the patient rated the current pain intensity on a Numeric Rating Scale (NRS 0-10). A pain intensity of 9 or 10 was counted as a positive test. The guidelines for the assessment of psychosocial 'Yellow Flags' [13] describe risk factors for the early identification of chronicity in patients with CLBP, and interpret a pain intensity of 9 or 10 as 'pain behaviour'.
Step Test
The
Step Test was originally designed to evaluate aerobic capacity [30] . The patient is asked to step up and down a 30-cm-high step for 3 min, which requires four steps per cycle (Fig. 1 ). The initial stepping frequency is 96 (24 cycles per min). Patients were allowed to reduce speed to a comfortable level. The test does not increase the stress on the lumbar spine more then going up stairs. Precipitous cessation is counted as a positive test.
Pseudo Strength Test
In the Pseudo Strength Test, the patient lies in a supine position and is asked to hold two 3-kg weights with straight arms against gravity for 2 min (Fig. 2 ) [21] . This test does not give any significant load to the lumbar spine or the spinal muscles, and can be performed by patients with acute radicular pain. Precipitous cessation is counted as a positive test.
Behavioural Signs
Waddell et al. first described behavioural or 'nonorganic' signs as clinical signs that have a 'predominantly nonorganic basis' in patients with LBP [34] . They described eight items and grouped them into five categories (Table 2 ). Waddell's definition was used to interpret the test as positive if at least three out of the five categories scored positive.
'Two out of Four'
Single tests may have a greater risk of giving false-positive results, causing a decreased positive predictive value and specificity. Sensitivity of one test may also be limited. Therefore the Behavioural Signs, the Step Test, the Pseudo Strength Test and a pain score of 9 or 10 were combined into the 'Two out of Four' test, which was considered positive when two or more of these four tests were positive.
Psychosocial factors with an expected prognostic value for outcome
The main purpose of this study was the investigation of the previously described predictive tests. Because psychosocial factors are known to be important predictors for RTW, we also investigated the influence of work load, off-work duration, unemployment and nationality for RTW. Tenderness is felt over a wide area. It is not localised to one structure, and often extends to the thoracic spine, sacrum, or pelvis.
Simulation tests
Axial loading Low-back pain is reported on vertical loading over the standing subject's skull by the examiner's hands. Neck pain is common and should be discounted. Rotation Back pain is reported when shoulders and pelvis are passively rotated in the same plane, as the subject stands relaxed with the feet together (see Fig. 3 ).
In the presence of root irritation, leg pain may be produced and should be discounted.
Distraction Test
Straight leg raising Straight leg raising is the most useful distraction test. The subject whose back pain has a non-organic component shows marked improvement in straight leg raising on distraction as compared with formal testing.
Regional disturbances
Sensory Sensory disturbances include diminished sensation to light touch, pinprick, and sometimes other modalities, fitting a 'stocking' rather than a dermatomal pattern.
Weakness
Weakness is demonstrated on formal testing by a partial cogwheel 'giving way' of many muscle groups that cannot be explained on a localised neurological basis.
Overreaction
Overreaction during examination may take the form of disproportionate verbalisation, facial expressions, muscle tension and tremor, collapsing, or sweating. The response to procedures such as venipuncture or myelography provides additional information. Judgements should, however, be made with caution, minimising the examiner's own emotional reaction; there are considerable cultural variations, and it is very easy to introduce observer bias or to provoke this type of response unconsciously.
Statistical analysis
Logistic regression analyses were performed to evaluate which of the previously mentioned tests and psychosocial factors were significantly associated with non-RTW. The prior probability (PP) of RTW and non-RTW was determined. The absolute risk increase (ARI) measures the gain in predictive knowledge obtained from the test result. The maximum value for the ARI depends on the PP (ARI≤1-PP).
For each factor showing a significant association with non-RTW we determined the positive predictive value (PPV), the probability of non-RTW in patients with a positive factor. In a perfect test the PPV=1.
A positive predictive test for non-RTW indicates an increased probability of non-RTW. The negative predictive value expresses the ability of the test to predict RTW. Predictive tests must at least be able to predict either RTW or non-RTW in a reliable manner. Only a very good test fulfils both aims.
To select prognostic tests for the future exclusion of patients from treatment, a limit for false-positive results was set at 0.05. Therefore, the first requirement for the test is that the positive predictive value be >0.95. Optimal sensitivity is the second criterion for test selection. The significance level of the non-parametric correlation is displayed by the Chi-squared value. Table 3 shows the formulas for the computation of the prior probability of non-RTW, the absolute risk increase, the positive and negative predictive value, the sensitivity and the specificity. Statistical analysis was performed using SPSS software.
Results
Subjects
Patients entered the study between January 1996 and December 1998. The average age of the 99 patients (84 male) was 41.8 years (SD 8.9 years). The median time off work because of LBP before rehabilitation was 26 weeks (range 6-349 weeks), including sick leave, time on a disability pension because of LBP and time out of work. Twenty-six percent of the patients were unemployed, 5% were unemployed and received a disability pension. The following nationalities were represented: region of former Yugoslavia 41%, Switzerland 35%, Italy 10%, Portugal 5% and other countries 9%. The physical work load was rated as 5 for 45%, 4 for 25%, 3 for 21% and 1 for 8% of the patients. Fifteen percent of the test population had been given a specific diagnosis. Table 4 shows the frequency of the different diagnostic categories. The 17 patients with symptomatic post-surgical status were classified as nonspecific because they had shown negative results on specific imaging techniques concerning compression of a spinal nerve root, instability or spinal stenosis.
Return to work
The response rate at follow-up regarding RTW was 91% at 12 months. We obtained the data regarding RTW from the treating physicians who, in Switzerland, are responsible for the determination of work activity. Among physicians, the reason for non-response at 12 months was the withdrawal of informed consent by one patient and an untraceable new address in eight patients.
Before rehabilitation, 96% of the patients had been off work. Four percent of the patients were on a partially reduced work activity because of low back pain. The rate of persons at work increased from 4% at entry to 26% at 3 months (P<0.05), and then slightly decreased to 24% after 1 year. The RTW rate, the difference between the work rate before rehabilitation and after 1 year, was 20%. Thirteen patients returned to full work activity, five worked 50% and three worked 25%.
At entry, 25% of the patients were in contact with the Swiss Disability Insurance Corporation for vocational measures. This percentage increased to 47% at 3 months and 53% at 1 year (Fig. 3) . The number of patients receiving a disability pension increased from 10% at entry to 28% after 1 year. Approximately 50% of the patients with a disability pension received a full pension. The 25-75% pensions of the other patients were supplemented either by working at a reduced level (time or work load), or being sick-listed or receiving unemployment benefit.
The correlation of improvement in the Roland Disability Questionnaire with RTW was positive, weak and not significant (Spearman ρ=0.20, P=0.124). Predictive tests and psychosocial factors Table 5 shows the main results of this study: the reliability of the investigated tests in predicting non-RTW after 1 year. The results of all predictive tests were available from all patients. None of the patients showed comorbidity limiting the performance and interpretation of the Step Test and the Pseudo Strength Test. In all patients with precipitous cessation of the Pseudo Strength Test or the Step Test, the reason for discontinuation of the activity was an increase in back pain. None of the patients mentioned tiredness as the reason for stopping. The outcome concerning RTW at 1 year was obtained for 91% of the patients. Logistic regression analysis showed that the Behavioural Signs, the Step Test, pain (NRS 9 or 10), the Pseudo Strength Test and the combination of these four tests 'Two out of Four' were significantly associated with non-RTW. The contribution of the psychosocial factors: unemployment, off-work duration, nationality and workload was not significant. Using a stepwise regression, the only factor taken into the model was 'Two out of Four'.
The negative predictive value was below 0.50 for all tests (Table 5) , which means that none of the investigated tests is clinically useful for the identification of a patient who will RTW.
The prior probability for the outcome non-RTW was 0.80. The maximum absolute risk increase (ARI) for non-RTW was 0.20. The ARI was greater than 0.10 in seven out of nine investigated factors. Four tests ('Two out of Four', Step Test, Behavioural Signs and 'pain 9 or 10') had a positive predictive value greater than 0.95 and reached the first criterion for screening tests used to exclude patients from treatment. The second criterion, an optimal sensitivity, was best met by the Step Test (0.49) followed by 'Two out of Four' (0.45).
The Behavioural Signs, a recognised test to assess the behavioural response to examination, with a well-known predictive value for non-RTW, showed good results regarding sensitivity, specificity and positive predictive value. A pain intensity of 9 or 10 had the best positive predictive value and specificity for non-RTW after 1 year. There were no false-positive results. The sensitivity of a pain intensity of 9 or 10 proved relatively poor. Of the four investigated tests, the Step Test had the best sensitivity, but the specificity was relatively poor.
The frequency of positive predictive tests was the same in patients with (91%) and without (9%) 1-year RTW data.
Pain and disability
The following description of the results regarding pain and disability are meant to further describe the population and are based on the 63% response rate of patients at 12 months. Pain was initially rated at 6.2 and increased to 7.0 (P=0.015) over the following year. The score on the Roland Disability Questionnaire deteriorated insignificantly, from 16.2 to 16.5 out of a maximum score of 24 points. In individual patients, a change is considered significant and clinically relevant when the difference exceeds four points [26] . Using this criterion, disability remained unchanged over the follow-up year in 61% of the patients. Twenty-five percent of the patients showed an improvement, whereas 14% had a deterioration of four or more points.
Treatment
This study does not investigate the effectiveness of treatment. Nevertheless the treatment may influence the prognosis of RTW and will therefore be briefly described here. The average length of stay in the rehabilitation centre was 28.2 days (SD 7.4 days). The treatment duration was 16.2 h/week, with an emphasis on active treatment (11.2 h/ week) such as strength and endurance training (4 h/week), exercise therapy (2.3 h/week), back school (1.9 h/week) and swimming with fins to increase endurance. Psychological interventions were offered to approximately 10% of the patients, depending on their personal needs. Relaxation techniques and passive treatment completed the interdisciplinary rehabilitation.
Discussion
To increase cost effectiveness in the rehabilitation of patients with CLBP, screening tests are needed to either include patients with a good prognosis for RTW or exclude patients who will almost certainly not RTW. The results of this study indicate that it is much easier to predict non-RTW than RTW. This may be because many prerequisites must be fulfilled for successful RTW. It is impossible to detect all relevant psychosocial factors and to judge their relevance and interactions. Moreover RTW depends to an important degree on factors that are unknown in advance, such as the availability of lighter work and the state of the job market. Some people ready to RTW might therefore not be at work after 1 year. Non-RTW is easier to predict, as negative factors apparently constitute significant barriers to RTW independent of other factors. Therefore, tests can be developed to predict non-RTW and exclude those patients from rehabilitation who have an extremely small probability of RTW. Cost effectiveness can be increased using these tests.
An important question is whether the results of this study can be generalized to other populations of patients with CLBP. It is important that, in this study, no pre-selection by the clinic or insurance companies took place. Patients were referred to the clinic by their treating physicians. Therefore, we think that the results of this study can be applied to other patients with CLBP.
The investigated group consisted mainly of men (84%) doing heavy or very heavy work. Sex did not correlate with RTW or with the number of predictive tests. The results remained the same when women were excluded from the analysis. Patients from other countries than Switzerland (65%) were over-represented in this study. This can be explained by the fact that heavy work is frequently done by persons from other countries. The off-work duration was long (median 26 weeks) and the unemployment rate was high (31%). Most patients reported that they had lost their job and had found it difficult to find a new job because of their LBP.
The incidence of a specific diagnosis may seem small, raising the question of whether diagnostic procedures are sufficient. Non-specific LBP was diagnosed in 85% of the patients. The medical records of the patients showed that diagnostic procedures had been exhaustively applied and that the rate of specific diagnosis correlates very well with the findings of other studies [8, 25] .
The validity of the translated versions of the Roland and Morris Disability Questionnaire requires some analysis. The risk of a change in meaning after translation is considered small, as the items concern straightforward activities of daily life, such as climbing stairs, sleeping, walking and sitting. It is, however, possible that cultural differences lead to variations in scoring. Comparisons between groups of different nationalities might therefore not be valid. In this study, a comparison within a group of persons between entry and follow-up was performed. As expected [25] , there was no change in symptoms or disability.
Loss to follow-up among patients was 37% at 12 months. As the follow-up data were not used for the prediction model, the incomplete follow-up did not bias the results. Responders and non-responders were the same at entry with regard to pain, disability, nationality and 'Two out of Four' positive tests. The improvement by more than four points on the disability level in 25% of the patients can be viewed as an illustration of the fact that LBP can get better. Further efforts to increase this percentage should be made.
The 91% response rate among the physicians at 12 months concerning RTW enables a reliable analysis of the predictive tests. Information about RTW was obtained from the physicians.
The 20% RTW rate after 12 months in the present study may seem very low compared to other studies. A possible explanation is that RTW is defined differently in different studies, contributing to the wide variations in results, which range from 23% [23] to 81% [9] and 85% [19] . Some authors use the first day of RTW [16] ; in other studies patients ready to work [3, 11] or looking for work [5] are included in the group of persons who have RTW. In this study RTW was defined as being at work at the time of follow-up. Patients ready to work or on vocational measures were not considered as RTW. If patients on vocational measures (53%) had been included in the present study, the RTW rate would increase to 73%. There is also some doubt as to the internal validity of the studies of Mayer et al. [19] and Hazard et al. [9] , reporting RTW rates of 81% and 85%. In both studies, the experimental group was preselected by a medical insurance corporation, which agreed to finance the treatment. In addition, by including the drop-outs in Mayer's study (17%), the RTW is reduced to 70%. Lack of compliance with treatment was not clearly defined, and may have been one of the reasons for the drop-outs in Mayer's study [27] . In the present study, 37% of the patients can be regarded as showing a lack of compliance, as they were unable to perform the Step Test and 28% were unable to hold two weights of 3 kg from a supine position against gravity. The inability to perform these tests cannot be explained by a physical problem, and suggest that behavioural or psychosocial factors may play an important role. The RTW rate in our study has also been negatively influenced by the 31% unemployment rate. The fact, however, that two unemployed patients were working at the follow-up, indicates that unemployment alone does not justify exclusion from treatment. If patients with 'Two out of Four' positive predictive tests had been excluded from treatment, the RTW rate would have been 32% instead of 20%, comparable with Oland and Tveiten [23] , who reported a RTW rate of 32% at 6 months and 23% after 18 months.
Non-RTW can be predicted with excellent reliability by means of the Step Test, the Pseudo Strength Test, and a Pain Rating of 9 or 10 (positive predictive value= 0.93-1.00, specificity 0.88-1.00). A positive Step Test and Pseudo Strength Test cannot be explained by mechanical pathology and suggest illness behaviour. This hypothesis is supported by the fact that 80% of the patients with a specific diagnosis were able to perform these two tasks. A pain intensity of 9 or 10 is interpreted as an exaggerated pain behaviour and not primarily related to a somatic disorder. This explains the comparable predictive value of these tests with the Behavioural Signs (0.96). Maximal sensitivity with a concomitant positive predictive value of more than 0.95 is achieved by the combination of four tests, interpreted positive when two or more of the four tests are positive. Kummel improved prediction of RTW by adding two 'new non-organic physical signs' to the Behavioural Signs [15] . In the present study, the evaluation of activity-associated illness behaviour in combination with the Behavioural Signs improves the prediction of RTW.
The decision to compare non-RTW in persons from former Yugoslavia with all other persons was based on the specific psychosocial factors among these patients. The constitution of groups can be debated and the results of this study argue strongly against the use of nationality as a predictive factor. In an analysis of non-RTW limited to persons with less than 'Two out of Four' positive tests, nationality no longer influenced RTW.
An unexpected result in this study is that work load is not predictive for non-RTW. This finding can be explained by the small number of patients with a low work load, and the fact that persons with a low work load are not white-collar workers, but employees with a low education, low responsibility and a very limited possibility of finding more attractive work.
Although nationality, unemployment and off-work duration are related to RTW (Table 5 ), using these factors to select patients for treatment would result in an unacceptable number of wrong decisions [14] . It is not ethical to apply nationality as a reason to exclude patients from treatment.
Conclusion
The validity to predict non-RTW in patients with CLBP was established for three of the four investigated tests (Step Test, Pseudo Strength Test, Pain Rating of 9 or 10). Positive results in these tests reliably indicate that the patient will not RTW after an extensive active rehabilitation programme.
A very good positive predictive value of 0.97 with a sensitivity of 0.45 is achieved by the combination of these three tests with the Behavioural Signs. These are interpreted as positive when two or more of these four tests are positive.
The investigated tests are based on objective criteria. Using these criteria, patients are evaluated based on their behaviour and not on potentially discriminating and less predictive factors such as nationality, work load, unemployment or time off work.
Cost effectiveness in rehabilitation of patients with CLBP can be improved by selecting patients accordingly.
